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@ An electrode with a platinum metal catalyst in surface film and its use. 

(g) An electrode for use in electrolytic processes having a 
substrate of film-forming metal comprises an electrocatalyst 
incorporated in an integral surface film of the film-forming metal 
oxide grown from the substrate. The electrocatalyst incorpor- 
ated In the integral surface film comprises two superimposed 
layers, a first layer comprising platinum metal and a second 
layer comprising an oxide of iridium, rhodium, palladium or 
ruthenium, the first platinum containing layer being next to the 
substrate and the second iridium, rhodium, palladium or 
ruthenium oxide containing layer being at the outer surface of 
the integral surface film of the film-forming metal oxide. The 
electrode comprising the two superimposed layers may be 
further coated with artother electrochemicalty active catalytic 
outer layer in which case said superimposed l^rs serve as the 
electrode undertayer. The electrode is particularly useful as an 
oxygen evolving anode in high speed electroplating (electrogal- 
vanizing). 
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Description 

AN ELECTRODE WTTH A PLATINUM METAL CATALYST IN SURFACE RLM AND ITS USE 



Technical Reld 

5 The Invention relates to an electrode for use in electrolytic processes having a substrate of film-fonming 
metal comprising an electrocatalyst incorporated in an integral surface film of the film-forming metal oxide 
grown from the substrate. The electrocatalyst incorporated into the integral surface film comprises at least 
one platinum-group metal and platinum-group metal oxide. The invention is particularly but not exclusively 
concerned with an electrode suitable for use as an oxygen anode in high speed electroplating 

10 (electrogavanizing). 

Background Art 

Lifetimes of electrodes with a relatively small amount of the active material in the coating (e.g. less than 7.5 
g/m^) rs^id^ decrease with an increase in current density, in general, an early failure of an electrode Is 

IS attnl>uted to two major factors, loss of the active coating and dissolution, or In case of the film-forming metals, 
passivation of the substrate. Sometimes these occur simultaneously and the electrode at the end of Its lifetime 
may show some active material left in the coating but the substrate passfvated. A common solution to the 
problem of loss of the active component in the coating and passivation of the substrate. In the art, is use of 
thicker coatings i.e. higher loadings of the active component. Thicker coatings produced by brushing onto the 

20 substrate several (e.g. ten-twenty) layers of the active coating proved beneficial for lifetimes of the electrodes 
with the same coating composition. SimpOcity of the solution to the problem of electrode lifetimes made 
thicker coatings a popular and almost universal remedy. However, this simple approach is found effective only 
up to a point and under certain electrochemical conditions (e.g. relatively low current densities, less corrosive 
environments, etc.). In addition, an increase of the coating thickness means a significant Increase in cost 

25 The problem of electrode lifetime is particularly important with oxygen evolving electrodes used as anodes 
in various industrially important electrochemical processes e.g. metal elTOtrowinning, electrofonming, 
electroflotation, and electrosynthesis. In these processes, electrodes with platinum-group metal oxide 
coatings are used as oxygen evolving anodes. These platinum metal oxide anodes are found to operate very 
well under relatively difficult conditions imposed by these processes (e.g. current densities of up to 2-3 kA/m^ 

3£7 in aggressive electrolytes). However, to attain an acceptable performance, under these conditions, these 
electrodes must have relatively high platinum-group metal loadings (e.g. more than 4.5-7 g/m^). Various tests 
with the known oxygen evolving anodes have shown, however, that while electrodes with platinum-group 
metal oxides operate with satisfaction under these conditions they fail rapidly if the operating current density is 
Increased to 5 kA/m^ or more. The simple approach of a higher loading therefore meant only higher costs but 

35 not better service Prfe. In recent years, the rapid development of high speed plating (electrogalvanlzing) 
techniques has amplified the problem. 

It has been known from US 3 711 385 that the electrocatalytic coating of a platinum-group metal oxide could 
be made as thin as 0.054 micrometers. In practice, however. It has been found that to achieve any acceptable 
lifetime somewhat thicker coatings were necessary. Hence, usually ten to twenty thin coatings of a suitable 

40 paint solution are applied to the film-forming metal base and heated each time to give an electrocatalytic 
coating fonmed finom the decomposed component of the paint containing about 5 to 20 grams by metal of the 
platinum-group metal o)dde per square meter of the projected electrode surface. 

Many attempts have been made to ecomonize on the precious metal content of these coatings, usually, by 
partly replacing the platinum-group metal oxide by a compatible non-precious metal oxWe such as tin dioxide 

45 (see for example US 3 776 834) or tin and antimony oxides (see for example US 3 875 043). 

Anotiier electirode for oxygen-evolution is tiiat described in GB I 399 576, having a coating containing a 
mixed crystal of tantalum oxide and iridium oxide. However, known electrodes of this type contain at least 
about 7.5 g/m2 of iridium so that despite their excellent performance in terms of over-voltage and lifetime, the 
high cost of iridium makes these electrodes less attractive. 

50 The electrode proposed in GB 1 463 553 has a base which consists entirely or at its surface of an alloy of a 
film-forming metal and an activating metal for instance a platinum-group metal, whose surface Is oxkBzed 
during use or is preactivated by an oxidi:dng treatment to fbnn in the outer part of the alloy a surface oxide 
layer to a depth of I to 30 micrometers. Such alloys have shown promise for electrowinning but are quite 
difficult to prepare by sintering or in another manner and are quite expensive because of the quantity of 

55 platinum-group metal in the alloy. Also, the pre-activation methods are difficult to control to obtain an 
improvement in the electrode perfomiarK:e. 

An electrode vwth a titanium substrate and an active platinum/lridium metal coaling has been disclosed in 
GB 964 913. The electrode is produced by thermal decomposition of platinum and iridium compounds in a 
reducing atmosphere at 350" C. By modifying this process it has been possible to produce coatings of 

60 platinum and iridium oxide. 

An oxygen evolving anode made by coating a titanium substrate with iridium oxide or iridlum/ruthenium 
oxide using a mixture of codedeposrted titanium oxide or tim oxide and tantalum oxide or niobium oxide with 
platinum metal as the electi-ode underiayer has been disclosed In US 4 481 097. The electrode active 
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component Includes 1.3 g/m^ of platinum metal in the underlayer and 3.0 g/m^ of iridium oxide in the toplayer. 
According to the document the electrode has maximum life time of 80 hours under accelerated lifetime tests 
performed In an aqueous solution with 150 g/l of H2SO4 as an electrolyte at 80* C and cun-ent density of 25 
kA/m2. 

An electrode with a titanium substrate and an eiectrocatalyst which preferably comprises up to 0.5 g/m^ of 5 
Iridium oxide and/or rhodium oxide per projected electrode surface has been disclosed in EP 0 046 447. 
According to the disclosure the eiectrocatalyst is fonned as an integral surface film of an oxide or another 
compound of titanium metal which is grown from the substrate which incorporates iridium oxide and/or 
rhodium oxide as eiectrocatalyst. The electrode is produced using a method in which a solution of thermally 
decomposable compound of iridium and/or rhodium and an agent which attacks the metal of the substrate are 10 
applied to the titanium substrate and the coated structure then heated in air at 500* C. A superior performance 
for the electrode disclosed over the previous oxygen evolving anodes was demonstrated for processes in 
which the electrode was used at current densities between 500 and 1000 A/m2. It could not be suspected that 
electrodes produced according to the principle disclosed in this teaching could prove to be useful and have an 
outstanding lifetime, in processes operating at a high current density. 75 

Disclosure of the Invention 

It has now been found that when a platinum-group metal oxide eiectrocatalyst incorporated In an integral 
surface film of the film-fonmlng metal oxide grown from the substrate is deposited over a layer of platinum 
metal which also forms a part of the integral surface film but Is applied before the platinum-group metal oxide 20 
eiectrocatalyst layer, the lifetime of the electrode thus produced is significantly increased. It has been 
observed that as much as one order of magnitude longer lifetimes may be ot)tained over the lifetimes of known 
oxygen evolving anodes vwth the same amount of the active material on their surface. 

The main aspects of the invention as set out in the accompanying claims are based on the finding that the 
lifetime of electrodes with a film-forming metal substrate and a platinum-group metal based eiectrocatalyst 25 
incorporated in an Integral surface film of the film-forming metal oxide grown from the substrate is 
considerably increased when the eiectrocatalyst In the surface film comprises two superimposed layers, a first 
layer comprising platinum metal and a second layer comprising an oxide of iridium, rhodium, palladium or 
mthenium, the first platinum containing layer being next to the substrate and the second Iridium, rhodium, 
palladium or ruthenium oxide containing layer coforming the outer surface of the integral surface film with the 50 
film-forming metal oxide. As will be shown in comparative examples below, the presence of the super-imposed 
layers in the surface oxide film produces a remaricable increase of the electrode perfonnance. Although this 
surprising, result cannot be adequately explained from the performance of the individual components it seems 
apparent that some synergistic effect of the superimposed layers of platinum and platinum group metal oxide 
occurs. ^ 

The electrode base may be a sheet of any film-forming metal such as titanium, tantalum, zirconium, niobium, 
tungsten and silicon, and alloys containing one or more of these metaJs. titanium being preferred for cost 
reasons. By "film-forming metal" is meant a metal or alloy which has the property that when connected as an 
anode in the electrolyte in which the coated anode is subsequently to operate, there rapidly forms a 
passivating oxide film which protects the underiaying metal from con-oslon by electrolyte. I.e. those metaJ and 40 
alloys which are frequently referred to as "valve metals", as well as alloys containing valve metaJ (e.g. Ti-Ni. 
Ti-Co, Ti-Fe and Ti-Cu) but which in the same conditions form a non-passlvating anodic surface oxide film! 
Rods, tubes, wires or knitted wires and expanded meshes of titanium or other film-forming metals can be used 
as the electrode base. Titanium or other film-forming metal clad on a conducting core can also be used. It is 
also possible to surface treat porous sintered titanium with the dilute paint solufions in the same manner. 46 

For most applications, the base will be etched prior to the surface treatment, but in some instances the base 
may simply be cleaned, and this gives a very smooth electrode surface. Aiternatively. the film-forming metal 
substrate can have a preapplled surface film of film-fonming metal oxide which during application of the active 
coating is attacked by an agent in the coating solution (e.g. HCI) and reconstituted as a part of the integral 
surface film. 

Excellent results v^h the electrodes according to the invention are obtained when the eiectrocatalyst in the 
surface film in the two superimposed layers are partially interdlffused. Most usually, such Interdlffusion will be 
confined to an Intermediate part of the adjacent layers where the platinum metal of the underiayer Intermingles 
with the oxide toplayer, the outer surface consisting of the Iridium, rhodium, palladium and/or ruthenium oxide 
together with film-fonning metal oxide ft-om the substrate. In other words, the platinum metal underiayer 55 
should not extend to the outer surface of the film even if all or part of the platinum metal underiayer may be 
Interdlffused into the subsequently-applied oxide layer, depending mainly on tfie loading of platinum metal. 

Typically the electrode of the Invention has between 4 and 4.5 g/m2 in total of the platinum metals and may 
achieve lifetimes of several tiiousand hours at cun^nt densities well above 10 kA/m2 and in extremely corrosive 
environments. This total loading is considerably above the loadings of up to 2 g/m2 obtained previously 60 
according to tiie teaching of EP 0 046 447. For some unknown reason it appears tinat the provision of two 
superimposed layers with platinum underneath enables higher metal loadings to be Incorporated in the 
surface film. Furthermore, this has been shown to produce an exponential increase of useful service lifetime as 
a function of a simple increase in the catalyst loading. 

It has been established that the optimal amount of platinum in the first platinum containing layer is between 65^ 
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0.8 and 1.8 g/m^ of the projected surface. The optimal amount is the amount in terms of the electrode 
performance vis-a-vis the cost of platinum metal. Cleariy, electrodes of the Invention may be produced with 
even more platinum in the first layer, however, this amount should not exceed 5 g/m^. Similarly, electrodes with 
a smaller amount of platinum metal may be produced. However, it has been found that the lowest practical limit 

5 of platinum metal in the first layer is 0.5 g/rn^. Difficulties of reproducibility of the electrode have been 
experienced with platinum concentrations below 0.5 g/m^. The amount of the platinum-group metal oxide in 
the second layer is preferably between 2 to 4 g/m^ (calculated as metal) of the oxide of iridium, rhodium, 
palladium or ruthenium. This range is regarded as optimal in cost-benefit terms, however, good results may be 
obtained with as low as I g/m^ and up to 5 g/m^ of IrOa, calculated as metal. 

10 It has also been established that excellent results are obtained with electrodes made using titanium as the 
electrode substrate when titanium oxide grown from the substrate is in the form of solid solution with the oxide 
in the second layer. This is particularly true when the oxide of the second layer is Iridium oxide and when the 
molar ratio of platinum metal to Iridium oxide in the surface film is between 1:1 and 1:6 (calculated as metal). 
The electrode disclosed may be used directiy as an oxygen evolving anode or may serve as a substrate for 

15 various types of known coatings in which case the two superimposed platinum metal/oxide containing layers 
serve as an underiayer for another electrochemically active catalytic coating applied by known mettiods 
including chemideposition, electroplating and plasma spraying. The coatings which may be used as a 
topcoatings are well known. Examples are RuOa/TiOa or modified RuOzmOz coatings including 
Sn02/Ru02/Ti02, SbaOs/RuOamOa. SnOa/SbaOa/RuOa/TiOa. IrOa/RuOa/TiOa and CoOa/SOa/RuOa/TiOa. 

20 Furttier examples are Pt, Pt/lr, Pt/lrOa, IrOa, TaaOs/lrOa as well as non-precious metal oxide coatings 
including MnOa, PbOa, Sb203, and C03O4 depending on the intended application- Further details of such 
coatings are for example described in US 3 632 498, US 3 776 834. US 3 711 385, US 3 875 043. US 3 878 043, and 
GB 964 913. An example of a non-precious metal oxide topcoating is the lead dioxide topcoating as described 
in QB 2 096 I73A applied to the improved substrate described herein. 

^ The electrode disclosed is excellently suited for use as an oxygen evolving anode in electrochemical 
processes at high current densities (i.e. over 3.5 kA/m2) for prolonged periods of time. An example of such a 
process Is high speed electroplating (electrogalvanizing). 
The electrode according to the invention is further illustrated In the following examples: 

3S0 Example I 

Coupons measuring 7.5 x 2 cm of titanium were degreased and etched for 1/2 hour in a lOQ/b aqueous 
solution of oxalic acid at 85 to 95* C. Two paint solutions were prepared: one paint solution (a) consisting of 10 
g/I of platinum metal and lOQ/b of HCI (concentrated) In isopropanol, and a second paint solution (b) consisting 
of IrCla In KWo of Ha (concentrated) In isopropanol. The concentration of Iridium metal present In the paint was 
35 50 g/l. Rrst three coatings of tiie platinum containing paint solution (a) were applied, and then a further three 
layers of the iridium containing paint (b) were painted on, the coupons were heated in air to 500** C for K) 
minutes after each coating and the samples produced heated in air at 500* C for 30 minutes after the final 
coating. 

The electrodes obtained, having a loading of 1.3 g/m2 of platinum metal and 3.0 g/m^ of iridium oxide, were 
40 tested as anodes In 150 g/I of H2SO4 at 80'C and in 12N NaOH at 95"C with a cun^nt density of 25 kA/rn^. 
Outstanding Fifetimes of 760 and 114 hours in the respective solutions were obtained under these severe 
conditions (sampie A2 in Table 2), Comparative tests given in Table 2 for the electrodes of the invention and 
electrodes of the prior art have shown that the best result for a comparable prior art electrode under the same 
conditions gave only 80 hours in H2SO4 for the electrode with Pt-Nb205-Tl02 underiayer (sample C2 in Table 
45 2). It is believed that this surprising Increase of the electrode lifetime comes from the combined effect of the 
two superimposed layers formed as an integral part of the electrode surface. It has also been found that 
lifetimes of the electrodes prepared according to this example tested in 150 g/I of sulfuric acid under a current 
density of 15 kA/m2 exceed 2100 hours. 

50 Example II 

Titanium coupons were degreased. rinsed in water dried and etched, and then surface treated as in Example 
I with subsequent application of paint solutions containing 

(a) 0.1 g of chloroplatinic acid (H2Pta6.6H20) and 

(b) rhodium chloride and solutions containing (a) OJ g of chloroplatinic acid (H2Pta6.6H20) and (b) 
55 palladium chloride. The amount of catalyst in the surface treated electrodes after application of twice four 

coatings was calculated to be 1.3 g/m2 of R, as metal, and 3.0 g/m2. as metal, of rtiodium oxide or 
palladium oxide. When such electrodes are tested as anodes In 150 g/I H2SO4 at 80* C and in 12N NaOH at 
95* C with a current density of 25 kA/m2 excellent lifetimes are obtained. 

60 Comparative Example I 

A titanium coupon was degreased. rinsed in water, dried and etched for 1/2 hour in a HW/b aqueous solution 
of oxalic acid. A paint solution consisting of 0.5 g lrCl3.H20, 3 ml isopropanol and 02 ml HO (concentrated) 
was then applied by brush to both sides of the coupon. The coupon was then dried and heated in air at 480*0 
for ten minutes. The coating procedure was repeated twice, and the resulting Ir|2 coating had a loading of 

65 approximately 2.1 g/m2 of iridium. The coating solution and procedure used are considered to be conventional. 
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The resulting electrode was subjected to an accelerated lifetime test in 150 g/l sulphuric acid at a current 
density of 15 kA/m^; its lifetime was 150 hours. 

Conr>parative Example II 

Coupons measuring 7.5 x 2 cm of titanium were degreased and etched for 1/2 hour in a loo/o aqueous 5 
solution of oxalic acid at 85 to 95° C. Three paint solutions were prepared. One solution consisted of OJ g 
Iridium chloride, 5 ml isopropanol and 0.4 ml HCi (concentrated), the second containing 0.1 g of chloroplatinic 
acid (HaPtCie.SHaO) and the third soiution containing a mixture of 0.1 g of chloroplatinic acid (H2Rae.6H60) 
and iridium chloride. The coupons were then coated in an oxidizing atmosphere In the known way and 
electrodes with Iridium oxide, platinum metal and codedeposited platlnum/iridium oxide coatings produced. io 
The electrodes obtained were subsequently tested as oxygen anodes in 150 g/i sulphuric acid at a current 
density of 15 kA/m^. The lifetimes of Ir02 (sample Ba in Table I), Pt. (sample Ci in Table I) and codedeposited 
Pt/lr02 (sanr)ple Di in Table I) obtained for these electrodes is compared with the electrode prepared in 
accordance with Example I (sample A2 in Table I). The electrodes Bi and Ci had a loading of the respective 
active component of I g/m^ (as metal) and electrodes Ai and Di of 2 qlxrfi of the respective active components 15 
(as metal). 

Table 1 



Sample Bj^ Cj^ Dj^ 

Lifetime 380 110 4 60 

(hours) 



50 



25 



As shown the lifetime of sample Ai (the electrode with f g/m^ Pt and I g/m^ irOa prepared according to the 
Invention) is surprisingly much greater than that of sample Bi (the electrode with I g/m^ IrOa ). sample Ci (the 30 
electrode with I g/m2 R) and sample Di (the electrode with 2 g/m2 of codedeposited PtIrOa 70/30 moi 0/0). In 
the test conditions, the lifetime of the electrode with platinum metal coating (Ci ) is only 4 hours and the lifetime 
of the electrode with iridium oxide is 110 hours (Bi). However, when tha two coatings are combined and applied 
in the known way Le. when they are codeposited(Di), the lifetime Is only 60 hours. It follows that the presence 
of platinum metal codedeposited in the coating of IrOa reduces the electrode lifetime. When, on the other 35 
hand, the platinum metal/iridium oxide electrode is prepared according to the invention (Ai) its lifetime 
increases more than six fold in relation to Di and more than 3.5 fold In relation of Bi. 

Comparative Example H 

The procedure of Example II of US 4,481.097 was faithfully repeated following the described procedure. The 40 
electrodes with iridium oxide topcoating with 3 g/m^ of iridium as metal and an undercoating of 
R-TaaOs-TlOa (sample Ba in Table 2). R-NbaOs-TiOa (sample Ca in Table 2) and R-Sna-TiOa-TaaOe (sample 
Da in Table 2). In these prior art electrodes, the platinum was codedepositioned with the film-forming metal 
oxides as an underiayer with IrOa as a separate layer on top. All samples were prepared with 1.3 g/m^ of 
platinum metal in the undercoating. The electrodes were submitted to the accelerated life tests described In 45 
the Example I and the results obtained listed in Table 2. In addition to results of accelerated life tests, data on 
the half cell potentials in IO<Vb sulfuric acid obtained for the tested electrodes are also presented in Table 2. 
From the half cell potentials (In millivolts vs a Normal Hydrogen Electrode) it may be said that electrochemical 
activities of sample Aa, Ca and Da under the same electrochemical conditions were very similar. 

SO 
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Table 2 

^2^^4 ^dSyn Volts (NHE) 

SAMPLE 150 g/1 12 N 10% H^SO^ 

25 kA/m^ 25 kA/m^ 5 kA/m^ 

80«C 950c 80«C 

Ihr) (hr) (mV) 

^2 760 114 1590 

^ ®2 ^3 1890 

S 80 15 1630 

^2 ^5 46 1630 

From the results m this Table it follows that the electrode of the invention (sample A2) showed one order of 
magnitude longer lifetime when compared to the lifetimes of the prior art electrodes (samples B2-D2) In H2SO4 
with a similar improvement in I2N solution of caustic. 

In ttie course of experimentation it has been established that adequate anchoring of the platinum metal Is 
35 decisive for the electrode lifetime. Experimental results have shown that adequate anchoring is directly linked 
to the amount and morphology (quaii^) of titanium oxide from the electrode substrate. It has been established 
that with a property developed platinum sub-layer lifetimes of more than 1600 hours may be achieved (in sulfuric 
acid under test conditions described in Example I) using electrodes made using a sandwich of superimposed 
platinum metal/iridium oxide layers. 

40 



Claims 

45 I. An electrode for use in electrolytic processes having a substrate of film-forming metal comprising an 

electrolcatalyst incorporated in an integral surface fHm of the film-forming metal oxide grown from the 
substrate, said eiectrocatalyst comprising at least one platinum-group metal and platinum-group metal 
oxide, characterized in that the eiectrocatalyst in the surface film comprises two superimposed layers, a 
first layer comprising platinum metal and a second layer comprising an oxide of iridium, rtiodium. 

SO palladium, or ruthenium, the first platinum containing layer being next to the substrate and the second 

iridium, rhodium, palladium or ruthenium oxide containing layer coforming the outer surface of the integral 
surface film with the film-forming metal oxide. 

2. The electrode according to claim I. characterized in that the first platinum metal comprising layer and 
the second iridium oxide, rtiodium oxide. paOadium oxide or nithenium oxide containing layer are partially 

55 Interdiffused. 

3. The electrode according to daim I or 2. characterized in that the first layer comprises 0.8 to 1.8 g/m^ 
of platinum metaL 

4. The electrode according to claim i. 2 or 3, characterized In that the second layer comprises 2 to 4 
g/m2 of the oxide of iridium, rhodium, palladium or ruthenium (calculated as metal). 

60 5. The electrode according to claims I to 4, characterized in that tiie film-fomiing metal oxide is titanium 

oxide grown from a titanium substrate and ttie oxide in the second layer Is iridium oxide, at least a major 
part of ^d titanium oxide and said iridium oxide being In the form of soOd solution. 

6. The electrode according to claim 5. characterized in that the molar ratio of platinum metal to iridium 
oxide in the surface film is between I J and 1:6 (calculated as metal). 

65 7. The electrode according to claims I to 6. characterized in tfiat ttie surface film comprising the two 
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superimposed layers serves as an underlayer for another electrochemlcaJly active catalytic outer layer. 

8. Use of the electrode according to any one of claims I to 7, as an oxygen evolving anode at current 
densities over 3.5 kA per m^ of the projected anode surface. 

9. Use of the electrode according to claim 8, as an anode In high speed electroplating 
(electrogalvanizing). 
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